Uropathogenic Escherichia coli preferentially utilize metabolites in urine for nucleotide biosynthesis through salvage pathways.
Growth in urinary tract depends on the ability of uropathogenic E. coli to adjust metabolism in response to available nutrients, especially to synthesize metabolites that are present in urinary tract with limited concentrations. In this study, a genome-wide assay was applied and identified five nucleotide biosynthetic genes purA, guaAB and carAB that are required for optimal growth of UPEC in human urine and colonization in vivo. Subsequent functional analyses revealed that either interruption of de novo nucleotide biosynthesis or blocking of salvage pathways alone could not decrease UPEC's growth, while only simultaneous interruption of both two pathways significantly reduced UPEC's growth in urine. Evidences showed that uracil, xanthine, and hypoxanthine in human urine could support nucleotide biosynthesis through salvage pathways when the de novo pathways were interrupted. Moreover, the expression of genes involved in salvage pathways of nucleotide biosynthesis were significantly upregulated when UPEC are cultured in human urine and artificial urine medium with uracil, xanthine or hypoxanthine. Finally, animal tests showed that further deletion of genes involved in salvage nucleotide biosynthesis from mutants with defects in de novo pathways significantly reduced UPEC's colonization in host bladders and kidneys. These results indicated that UPEC preferentially utilize abundant metabolites in urine for nucleotide biosynthesis through salvage pathways, which is not like in serum, where the limiting amounts of substrates for salvage biosynthesis force invading pathogens to rely on de novo nucleotide biosynthesis. Taken together, our study implied the importance of salvage pathways of nucleotides biosynthesis for UPEC's fitness during urinary tract infection.